Copolymerization of ethylene and propylene with nickel oxide-silica-alumina catalysts to produce low molecular polymers was studied.
The nickel oxide-silica-alumina catalyst, (this type of catalysts in general), although it is considered to be a member of the solid acid catalyst group, shows some extraordinary properties in the oligomerization of ethylene and propylene.
Contrary to the common properties of acid catalysts, this catalyst shows much higher activity in ethylene oligomerization than in propylene oligomerization; and in both cases. the oligomers are rich in straight chain components.
Judging from the catalytic behaviors of nickel oxide-silica-alumina catalyst, it is considered possible to copolymerize ethylene and propylene in the presence of this catalyst. The weighed amount of nickel oxide-silicaalumina catalyst and that of isooctane (as solvent) were charged into the autoclave from which the air was replaced by dry nitrogen gas. Gaseous ethylene was slowly charged into the autoclave and then liquid propylene was introduced. The amount of ethylene charged was measured by reading the pressure increase in the autoclave, and that of propylene by reading the scale of the liquid feeder. After reaction, the contents of the autoclave were transferred into a receiver in a dry iceacetone bath. The non-condensible gases (mainly ethylene) were collected in a gas holder connected to the receiver. According to the gas-chromatographic analysis of the products, the isomer distribution of pentenes was almost constant throughout the run (see Table 1 and Fig. 3 ). Hence, it was considered that heptenes in high polymers were mainly produced by the propylene-butene(especially butene-1) reaction9). The results are shown in Fig. 4 and the composition of the pentene fraction in Fig. 5 and Table  2 .
Takahashi, Yoneda and Ohtsuka: Isomer Distribution of Pentenes Produced by As shown in Fig. 5 and Table 2 , the percentage of normal pentenes in the pentenes produced and the main component (pentene-2) of normal pentenes increased very rapidly with the increase in the catalyst amount. On the contrary, the content of the other pentene isomers decreased with the increase in the catalyst amount. The results are shown in Fig. 6, 7 and Table  3 .
As shown in Fig. 6 , the conversion rate of ethylene was always higher than that of propylene.
As shown in The results are shown in Fig. 8 and 9 .
3.5 Isomer Distribution of Pentenes
As mentioned above, the content of normal pentene increased with the increase in the catalyst amount. While, it decreased with the increase in the mole ratio of propylene to ethylene (the amount of ethylene added was constant), as well as with the increase in the Ni content up to 10 wt%.
Judging from the experimental results, the skeletal structure of the pentenes seemed to be fixed in the initial stage of copolymerization, The rate determining step of the pentene formation (Reaction (1) and (2)) was assumed to be the diffusion of ethylene into the liquid phase.
The increase in the catalyst amount seemed to favor the adsorption of propylene at the special active centers of the catalyst, which increased the amount of C3H6(a'). This favored the formation of normal pentenes by Reaction (1). number of the usual sites of the catalyst increased with the increase in the Ni content of the catalyst up to 13 wt%,.
